ABSTRACT Background: Fruit and vegetable intake in children remains below recommendations in many countries. The long-term effects of early parental feeding practices on fruit and vegetable intake are not clearly established. Objective: The purpose of the current study was to examine whether early feeding practices influence later fruit and vegetable intake in preschool children. Design: The study used data from 4 European cohorts: the British Avon Longitudinal Study of Parents and Children (ALSPAC), the French Etude des Déterminants pre et postnatals de la santé et du développement de l'Enfant study, the Portuguese Generation XXI Birth Cohort, and the Greek EuroPrevall study. Fruit and vegetable intake was assessed in each cohort by food-frequency questionnaire. Associations between early feeding practices, such as breastfeeding and timing of complementary feeding, and fruit and/or vegetable intake in 2-4-y-old children were tested by using logistic regressions, separately in each cohort, after adjustment for infant's age and sex and maternal age, educational level, smoking during pregnancy, and maternal fruit and vegetable intake. Results: Large differences in early feeding practices were highlighted across the 4 European cohorts with longer breastfeeding duration in the Generation XXI Birth Cohort and earlier introduction to complementary foods in ALSPAC. Longer breastfeeding duration was consistently related to higher fruit and vegetable intake in young children, whereas the associations with age of introduction to fruit and vegetable intake were weaker and less consistent across the cohorts. Mothers' fruit and vegetable intake (available in 3 of the cohorts) did not substantially attenuate the relation with breastfeeding duration. Conclusion: The concordant positive association between breastfeeding duration and fruit and vegetable intake in different cultural contexts favors an independent specific effect.
INTRODUCTION
Several surveys have reported that fruit and vegetable intake is below the recommended guidelines in adolescents (1) and younger children, especially vegetable intake (2) (3) (4) (5) . It is evident that a diet rich in fruit and vegetables in childhood has many beneficial effects on health outcomes throughout childhood and in adulthood (6) ; eg, children who eat more fruit and vegetables have lower blood pressure and a lower risk of stroke as adults (7, 8) . Food preferences have been shown to take shape early in life and track through to adulthood (9, 10) . Moreover, different nutritional education intervention studies show that it is difficult to modify food behaviors in adults (11) (12) (13) and in older children (14) . Therefore, it appears important to understand which factors influence food-habit formation early in life to prevent the development of unhealthy eating habits and the manifestation of related metabolic disorders in later life.
Previous studies have reported that early feeding practices may be related to fruit and vegetable intake in later childhood. Longer breastfeeding duration (15, 16) and higher fruit and vegetable intake in infancy (17) were found to be related to higher vegetable intake in childhood. Moreover, in experimental studies a sensitive period in human flavor learning has been highlighted (18) , which suggests that age of introduction to fruit and vegetables could be of great importance in later fruit and vegetable acceptance (16) . There is evidence that child pickiness affects the intake of vegetables but not fruit (19) , possibly because vegetables often have less palatable tastes than fruit. Furthermore, maternal intakes of fruit and vegetables have been shown to be strongly associated with intake in their children (19, 20) .
The purpose of the current study was to examine, in 4 European birth cohorts with different cultural habits in terms of fruit and vegetable consumption, whether early feeding practices, eg, breastfeeding duration and timing of complementary feeding, influence fruit and vegetable intake in preschool children. When possible, the influence of maternal diet will also be tested.
SUBJECTS AND METHODS
The analyses were based on 4 European cohorts: the British Avon Longitudinal Study of Parents and Children (ALSPAC) 4 , the French Etude des Déterminants pre et postnatals de la santé et du développement de l'Enfant (EDEN) study, the Portuguese Generation XXI Birth Cohort, and the Greek EuroPrevall study.
ALSPAC
ALSPAC is a longitudinal birth cohort study, which recruited pregnant women resident in a geographically defined area in southwest England with an expected delivery date between April 1991 and December 1992. A cohort of 14,541 pregnant women was established, which resulted in 13,988 children alive at 12 mo of age. More details can be found on the ALSPAC website (http:// www.bristol.ac.uk/alspac/). Dietary information was collected via parent-completed food-frequency questionnaires (FFQs) at the ages of 6 and 15 mo and 2, 3, 4, 7, 9, and 13 y as part of larger questionnaires that were sent through the mail with a reply envelope. In the current study, we used dietary data collected at 2-4 y for comparison with the other cohorts and at 7, 9, and 13 y to assess the stability of results throughout childhood. The parent was asked to record how often the child consumed each of the foods "nowadays." Breastfeeding duration and age at introduction to various foods was obtained from the 6-and 15-mo questionnaires. Sociodemographic information and maternal diet (by FFQ) was collected by questionnaire during pregnancy. Data were available for all variables of interest on 7269 children (see Supplemental Table S1 under "Supplemental data" in the online issue). At 43 and 61 mo, children's food intake was also assessed by using diet diaries. ANOVA showed that significantly higher fruit or vegetables intakes were measured in the diet diaries of those categorized in the FFQ as eating fruit or vegetables more than once a day compared with those categorized in the FFQ as eating fruit or vegetables once a day or less (43-mo diet diaries -38-mo FFQ: 108 compared with 53 g/d, P , 0.001 for fruit and 51 compared with 21 g/d, P , 0.001 for vegetables; 61-mo diet diaries -54-mo FFQ: 103 compared with 52 g/d, P , 0.001 for fruit and 55 compared with 22 g/d, P , 0.001 for vegetables).
French EDEN study
The EDEN mother-child cohort is a longitudinal study that recruited, between February 2003 and January 2006, 2002 pregnant women in 2 French university hospitals, in Nancy and Poitiers, before 24 wk of amenorrhea and on average at 15 wk. A questionnaire completed during pregnancy provided data on sociodemographic factors, maternal diet (FFQ) and, tobacco use. Birth data were collected from medical records. When the child was 4, 8, and 12 mo, mothers completed mailed questionnaires with details on the feeding method and age of introduction to several food groups. They also completed a 26-item child FFQ at 2 and 3 y. The questionnaire includes 7 categories of frequencies, ranging from never to more than once a day, and 5 items specifically related to fruit and vegetable consumption: vegetables or soups, raw vegetables, fresh fruit, fruit purees, and fruit juice. Complete data were available for 1302 children (see Supplemental Table S1 under "Supplemental data" in the online issue). The infant's diet was also assessed by 3-d food records at ages 4 and 8 mo. A comparison of the response to the main questionnaires on breastfeeding with food records performed during the first year of life showed good agreement with only 2% of discordant answers.
Portuguese Generation XXI Birth Cohort
Generation XXI is a population-based birth cohort established in a defined geographic area in the north of Portugal (Porto) by recruiting pregnant women in 5 maternity units between April 2005 and August 2006 (21) . A total of 8647 children and 8495 mothers were enrolled at baseline. Of the invited mothers, 91.4% accepted to participate. Data on demographic and social conditions, lifestyles, medical history, and prenatal care were collected by trained interviewers during the first 24-72 h after delivery. At 15 mo of age, information was collected on breastfeeding and complementary feeding (available for a subsample of 1040). At 4 y, parental report of their child's dietary intake was assessed by FFQ covering the last 6 mo. The questionnaire included 9 categories of frequencies, ranging from never to $4 times/d, and 4 items specifically relating to fruit and vegetable consumption: vegetable soup, cooked vegetables, raw vegetables, and fruit. Complete data were available for 556 children (see Supplemental Table S1 under "Supplemental data" in the online issue). At 48 mo, the children's food intake was also assessed by using diet diaries in a subsample (n = 437), and the Spearman's correlation between fruit and vegetables intake assessed by FFQ or diet diaries was moderate to high (0.51 for fruit and 0.41 for vegetables).
Greek EuroPrevall Study
The Greek EuroPrevall cohort study was a longitudinal study conducted with 1084 newborns between October 2005 and October 2007 in 2 different clinics in Athens. The Greek EuroPrevall cohort data presented in the current study were collected as part of the EuroPrevall project (22) that was funded by the European Union. Standardized questionnaires were used to collect baseline data from each mother regarding her pregnancy, child's birth, dietary intake (focusing mainly on foods related to allergies), and quality of life. Sociodemographic data, such as parental educational level, parental age, occupational status, and family income were collected at birth. Follow-ups, using similar questionnaires, were conducted when children were 12-, 24-, and 30-mo old by telephone. During these interviews, data on breastfeeding and complementary feeding practices were collected. Child's food intake was collected at 24 mo by using a 80-item FFQ covering the past 3 mo. The questionnaire included 11 categories of frequencies, ranging from never to more than time a day and 24 items specifically relating to fruit and vegetable consumption. Complete data were available for 800 children (see Supplemental Table S1 under "Supplemental data" in the online issue).
Fruit and vegetable intakes were assessed from FFQs in each cohort. For these analyses, fruit intake was exclusive of jams/ jellies and fruit juice, whereas vegetable intake was exclusive of legumes and potatoes. Common cutoffs for fruit and vegetable intake frequency were used across the 4 cohorts (.1 serving/d compared with #1 serving/d for fruit and for vegetables considered separately), except for vegetable frequency in Generation XXI where the number of children in the #1 serving/d category was very low (5.4%), mainly because of the high daily consumption of vegetable soup in Portugal. Therefore, the cutoff used for vegetable frequency was .3 serving/d compared with #3 serving/d in Generation XXI.
Breastfeeding was considered both exclusive and mixed (designated as any breastfeeding), and its duration was assessed as a categorical variable: never, ,1 mo, 1-3 mo, 3-6 mo, and $6 mo.
Associations between early feeding practices and later fruit and vegetable intake were tested by using logistic regressions (OR, 95% CI) and were adjusted for several potential confounders. These confounders included the sex of the child, sociodemographic variables (maternal age, education level, social class, and family income), perinatal factors (birth weight, gestational age, parity, maternal smoking, and maternal diet during pregnancy), parental BMI, and other aspects of feeding practices (age of introduction of food other than fruit and vegetables). Only variables that were associated with both the outcome and the timing of complementary feeding consistently in $2 cohorts were included in the final model: child's age, child's sex, maternal age, educational level, smoking during pregnancy, and, as a second step in ALSPAC and Generation XXI, maternal fruit and vegetables intake at 47-48 mo, or in EDEN, maternal fruit and vegetables intake during pregnancy. Because early feeding practices are likely to be highly related, breastfeeding duration and age of introduction of fruit and vegetables were introduced simultaneously in the regression models.
Subjects with missing values on fruit and vegetable intake or parental feeding practices or maternal age, education level, and maternal smoking during pregnancy were excluded from the analyses. In cohorts with twins, one of them was selected at random to be included in the analyses. The different steps of the sample selection are presented elsewhere (see Supplementary  Table S1 under "Supplemental data" in the online issue). Differences at baseline between subjects included in these analyses and subjects excluded are described for each cohort elsewhere (see Supplemental Table S2 under "Supplemental data" in the online issue). Included mother were more educated, older, and less often overweight than excluded mothers.
In the Greek EuroPrevall study, maternal age and maternal smoking during pregnancy were available only for a subsample of 221 children. Thus, it was decided to provide results of the analysis without these confounders in the Greek cohort and then to report a sensitivity analysis on this sub-sample with all confounders. To test for linear trend, the median value for each category was used as a continuous variable. All analyses were performed by using SAS software, version 9.2 (SAS Institute Inc) in EDEN; STATA/SE (StataCorp) version 10.0 in Generation XXI; SPSS 19.0 in ALSPAC and EuroPrevall. 
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RESULTS
Early nutrition across the 4 European cohorts
Characteristics of the study samples were described in Table  1 . Fruit and vegetable intake in early childhood varied across the 4 cohorts, with an average intake of ,1 vegetable/d in the Greek EuroPrevall study and .3 vegetables/d in the Generation XXI cohort. There were differences in early feeding practices across the 4 cohorts. Longer breastfeeding duration was found in Generation XXI than in ALSPAC, EDEN, and Greek EuroPrevall (Figure 1 ). The timing of complementary feeding (foods other than milk) varied also across the cohorts (Figure 2 (Figure 3) . Associations between any breastfeeding duration and vegetable intake were more consistent across the cohorts ( Figure 4) ; a shorter breastfeeding duration was related to lower vegetable intake at age 2-4 y. Compared with infants breastfed for 3 to 6 mo, those who were never breastfed had an OR for the intake of .1 serving/d of vegetables of 0.7 (95% CI: 0.6, 0.8) and 0.5 (95% CI: 0.3, 0.7) in ALSPAC 2 y and EDEN 3 y, respectively. A persistent positive trend was found in ALSPAC and EDEN at older ages. The association was not significant in EuroPrevall and Generation XXI, although in the same direction. Additional adjustment for maternal fruit or vegetable intake in childhood was tested in ALSPAC and Generation XXI. The positive associations remained significant in ALSPAC, although slightly attenuated. In never-breastfed infants compared with infants breastfed 3-6 mo, the ORs were 0.8 (95% CI: 0.7, 0.9), 0.93 (95% CI: 0.79, 1.08), and 0.8 (95% CI: 0.7, 1.0) for high vegetable intake at 2, 3, and 4 y, respectively, and 0.7 (95% CI: 0.6, 0.8), 0.8 (95% CI: 0.7, 1.0), and 0.8 (95% CI: 0.7, 1.0) for high fruit intake at 2, 3, and 4 y, respectively. In Generation XXI, the association remained similar. In never-breastfed infants compared with infants breastfed 3-6 mo, the ORs were 0.7 (95% CI: 0.3, 1.5) for high vegetable intake but 2.2 (95% CI: 1.1, 4.5) for high fruit intake. In EDEN, additional adjustment for maternal fruit or vegetable intake during pregnancy was tested, and the associations remained similar. In never-breastfed infants compared with infants breastfed 3-6 mo, the ORs were 0.5 (95% CI: 0.3, 0.7) and 0.5 (95% CI: 0.4, 0.8) for high vegetable intake at 2 and 3 y, respectively; for high fruit intake in never-breastfed infants compared with infants breastfed 3-6 mo, the ORs were 0.6 (95% CI: 0.4, 0.8) and 0.9 (95% CI: 0.6, 1.2) at 2 and 3 y, respectively. A sensitivity analysis was run in EuroPrevall in the subsample of 221 children with data on all confounding variables, and the results were similar to those presented in the figures (data not shown). In ALSPAC, the positive association between breastfeeding duration and later fruit and vegetable intake remained stable throughout childhood (at least until 13 y). Finally, after additional adjustment for intake of other food groups classified as dairy products, protein foods, starchy foods, and other foods, associations between breastfeeding and fruit or vegetable intake remained similar (data not shown).
Associations between timing of complementary feeding and later fruit and vegetable intakes
Later introduction to fruit ( Figure 5 ) appeared to be related to lower fruit intake in the ALSPAC cohort at 2 y, but the association was no longer present at 3, 4, 7, and 9 y. Age of introduction to fruit was not associated with later fruit intake in the other cohorts. Late introduction to vegetables was related to lower vegetable intake in ALSPAC, and the association appeared consistent throughout childhood ( Figure 6 ). However, in the 3 other cohorts, the association between the age of introduction to vegetables and later vegetable intake was not significant.
Additional adjustment for maternal fruit or vegetable intake in ALSPAC (assessed at 47 mo), Generation XXI (assessed at 48 mo), and EDEN (assessed during pregnancy) did not modify the results (data not shown). A sensitive analysis was run in EuroPrevall in the subsample of 221 children with data on all confounding variables, and the results were similar (data not shown).
DISCUSSION
The current study, based on 4 European birth cohorts, highlighted great differences across European countries in early feeding practices and in fruit and vegetable intake in preschool children. Nevertheless, longer breastfeeding duration was found to be consistently related and significantly so in 2 cohorts, to higher fruit and vegetable intake in young children, whereas associations with age of introduction to fruit and vegetables were weaker and less consistent across the cohorts. The relation between breastfeeding and fruit and vegetable intake were attenuated but remained after adjustment for maternal fruit and vegetable intake in the 3 cohorts where data were available.
Earlier introduction to complementary foods was seen in the United Kingdom (ALSPAC: peak frequency at 4 mo), with later age in Portugal (Generation XXI: 5 mo) and in Greece (EuroPrevall: 6 mo). A recent review (23) reported that, despite the WHO recommendations to introduce solid foods at 6 mo (24), it is common for parents in countries such as the United Kingdom to introduce solid foods before this age, as found in ALSPAC. However, ALSPAC was the earliest of the 4 cohorts, beginning in 1991-1992, whereas the 3 others cohorts recruited infants from 2004 to 2007. Indeed, the UK Infant Feeding Surveys, carried out in 2000 and 2005, indicated that the proportion of mothers introducing solid foods by 4 mo decreased from 85% to just .50% between 2000 and 2005 (25) . Although many countries adopted the WHO recommendations of 6 mo of exclusive breastfeeding, some countries continue to recommend introduction of complementary food from 4 to 6 mo (26, 27) ; even within the same country, advisory bodies may disagree (26) . Even if the 4 cohorts are not representative samples of infants of each country, the disagreements in guidelines could explain part of the discrepancies in parental feeding practices across the 4 cohorts. With the exception of the results from the Portuguese cohort, all other cohorts reported very low intakes of fruit and vegetables; most children consumed less than the 5-A-day recommendation.
These results agreed with previous studies conducted in Europe (1, 2, 4, 28, 29) . The high vegetable intake in Generation XXI was mainly explained by a high intake of vegetable soups. The association between longer breastfeeding duration and higher fruit and vegetable intake later in life was found in previous studies (15) . Another study showed that breastfeeding duration was negatively related to food neophobia and pickiness in young girls (30) . An explanation could be that familiarization of breastfed infants to flavors transmitted via breast milk from the range of flavors consumed by the mother leads to an increase in acceptance of the flavors of fruit and vegetables when they are offered to the infant (31) . There is evidence that a sensitive period, before 6 mo, exists when young infants accept a large range of flavors more easily (32) , and one study suggested that breastfeeding was associated with higher acceptance of a food only if lactating mothers were regularly eating that particular food (33) . A study showed that children with a higher level of control over their own feeding appeared to have lower levels of food pickiness and higher energy intake than did children with a lower level of control over their own feeding (34) . Finally, longer breastfeeding tends to be related to higher maternal educational level and higher diet quality, which could confound the association between breastfeeding and later fruit and vegetable intake in children. However, our analyses were adjusted for maternal educational level and maternal smoking during pregnancy, and further adjustment for current maternal fruit and vegetable intake in ALSPAC and Generation XXI, or maternal fruit and vegetables intake during pregnancy in EDEN, did not greatly modify the associations. Furthermore, the consistency of the associations across ages and cohorts with different mean intakes of fruit and vegetables in children is an argument against major confounding of the results.
Considering the importance of the early critical window in later fruit and vegetable acceptance, we hypothesized that earlier introduction to fruit and vegetables would be related to higher fruit and vegetable intakes later in life. However, after adjustment for potential confounders, we found no consistent associations across the 4 cohorts. An older age of introduction to vegetables was related to lower vegetable intake in children up to 13 y in ALSPAC, but not in the other cohorts. The larger sample size in ALSPAC may enhance its power to detect relations of small magnitude. Regarding fruit intake, there was an association in ALSPAC only in 2-y-old children and not in later life and no associations in the other cohorts. The Québec Longitudinal Study of Child Development found an association between age of introduction to vegetables and later vegetable intake, but this was removed by adjustment for potential confounders (15) . Considering the findings from the current study and the Québec Longitudinal Study, evidence of a relation between age of introduction of fruit and vegetables and later fruit and vegetable intake by children is currently inconclusive. Moreover, aspects of complementary feeding other than timing itself could be related to later fruit and vegetable intake, such as diversity of foods offered in the early period or the use of home-prepared or ready-prepared baby foods. In a previous analysis, ALSPAC found that the frequency of home-prepared fruit and vegetable consumption at 6 mo was positively related to fruit and vegetable intake at 7 y, whereas the frequency of ready-prepared fruit and vegetable consumption was not (17) . Furthermore, when vegetables were introduced later, more frequent consumption at 6 mo was related to larger intake at 7 y (17). Unfortunately, data were not available to analyze the specific influence of exposure to home-prepared or ready-prepared baby food exposure on fruit and vegetable intakes in the other cohorts in this study.
This study has used data collected in 4 different European countries by carrying out the same analysis in parallel with, as much as possible, the same confounders. Because the only common dietary assessment tool used in all 4 cohorts was the FFQ, it was the instrument used to assess fruit and vegetable intakes, even if it is not the most precise dietary method for such an assessment. However, in 2 of the cohorts (Generation XXI and ALSPAC), diet diaries were also collected at 47-48 mo in a subsample of the cohort, and the correlation between both assessment of fruit and vegetable intake was satisfactory. It was not possible to combine the data directly because each country used its own individual FFQ to assess the diet of the young children, and each FFQ varied in the number of questions asked about fruit and vegetable consumption. To ensure comparability between the analyses in the different countries, the outcome variables were simplified to whether children did or did not achieve a certain frequency of fruit or vegetable intake per day. Further parallel analyses were also preferable because of the disparities in sample size, the slightly different ages at which outcomes were measured and the differing availability of some of the confounding or mediating variables. The advantage of a parallel analysis is that confounding structure is likely to be different between the countries, thus similar observations made in each cohort provide stronger evidence of a real effect. In this study we took advantage of the fact that 2 of the cohorts had data at different ages in the same children so that we can assess whether effects are likely to persist.
In conclusion, a longer breastfeeding duration was related to a higher fruit and particularly vegetable intake in young children consistently across 4 European cohorts, in contrast with other feeding practices such as age at complementary feeding with fruit and vegetables. The association with breastfeeding was not explained by maternal fruit and vegetable intake. The concordant association with breastfeeding duration in different cultural contexts favors an independent specific effect.
